Infrared emission spectroscopy has been used to study the C=O stretching vibration of CO on Ni(100) at 310 K.
Infrared emission spectroscopy has been used to study the C=O stretching vibration of CO on Ni(100) at 310 K. In contrast to previous electron energy loss and infrared measurements, no bridge-bonded CO is observed at any coverage below e = 0.5 .
Variations in the lineshape with exposure suggest the presence of c(2x2) islands even at low coverage, though low energy electron diffraction shows no sign of such ordering.
Introduction
Infrared emission spectroscopy has been shown to be a t-.
\ powerful tool for the vibrational spectroscopy of adsorbates on the previous experiments, we find no band due to bridge-bonded CO on a clean surface, at coverages up to e = 0.5, but we find that bridging sites are occupied when a slightly contaminated surface is investigated. Consideration of the lineshape as a function of CO exposure suggests that significant short-range ordering occurs within the overlayer at exposures below those for which low energy electron diffraction (LEED) shows evidence of ordering.
-3 -Experimental Since the infrared emission apparatus has been described '1 previously [5J, and will be discussed in detail in another J publication [6J, it will only be summarized here. Thermal radiation from the sample, which is near room temperature, is focused onto the entrance slit of a grating spectrometer which is cooled to 5 K to reduce background radiation. The sample is surrounded by absorbing baffles at -100 K to provide the temperature contrast necessary for emission measurements. The
Si:Sb photoconductive infrared detector is sensitive to frequencies above 330 cm-1 •
The sample is mounted on a manipulator in a conventional ultrahigh vacuum UHV chamber with a base pressure less than 10-10 torr.
The chamber is equipped with low energy electron diffraction and retarding field Auger spectroscopy optics. It also has a 3 keV ion gun for sample sputtering and a mass spectrometer for thermal desorption measurements. The sample was heated by passing electrical current through it; its temperature was monitored by a chromel-alumel thermocouple spot-welded to the back.
-4 - • residual carbon. Thermal desorption of CO was used during the heating cycles to determine when the surface was free of carbon, and to prevent excessive exposure to o~ygen. The carbon contamination combined with oxygen to produce CO which produces a characteristic set of desorption peaks at T > 500 K. Heating to 950 0 C removed the oxygen from the surface, probably by dissolution into the bulk [7] . The best indicator of surface cleanliness was the ability to obtain a sharp c(2x2) LEED pattern from a saturation coverage of CO at room temperature. Amounts of carbon or oxygen too small to be detected by retarding field Auger spectroscopy were sufficient to prevent this ordering.
Once a clear c(2x2) pattern was obtained, the ~ample was again heated to desorb the CO. For the infrared studies, the sample temperature was actively regulated to within 0.05 K in the neighborhood of 310 K, the temperature at which the sharpest LEED patterns were seen. The spectrometer was designed to have a resolution of less than 10 cm-l at frequencies between 330 and 2500 cm-l , using three different gratings. Unfortunately, excessive light scattering at low frequencies prevented us from using the least dispersive of the 'gratings; as a result the instrumental resolution for the spectra shown here was nearly 20 cm-l , and was not sufficient to resolve the narrowest lines. This problem will be remedied by the installation of a low frequency rejection filter. 
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-7 - four-fold symmetric, so that bridge sites should be excluded.
In our present experiment, we reproduce the earlier results only for a somewhat contaminated surface. For a clean surface, (Fig. 1) , we observe no occupation of bridging sites at any coverage up to e = 0.5. Based on these observations, it seems that the concentration of bridging CO is highly sensitive to the state of the surface, possibly because contaminants change the There was no evidence for island formation at low coverage in his measurements (or in our lower sensitivity measurements). This observation does not agree with our qua lit a t i vee x p I a n a t ion Oft he in fr a r -e a--l i n e s hap e s, s u g g est in g
either that the islands are too small for LEED to detect or that an alternative model is needed.
Conclusions
The application of IR emission spectroscopy to the C-O stretchirig vibration of CO on Ni(100) demonstrates the usefulness of using IR techniques, even on systems already studied with EELS.
We have shown that for a sufficiently clean surface, only linear bond sites are occupied, at coverages up to e -0.5. This result reconciles vibrational spectra with LEED results, which excluded bridge-bonded CO from the c(2x2) overlayer [7J.
Variations of the vibrational lineshape with coverage suggest local ordering at low coverage, and illustrate the importance of high resolution vibrational spectra in understanding overlayer ordering. 
